This study was undertaken to assess the discriminatory value of restriction endonuclease (RE) digestion patterns of Streptococcus suis chromosomal DNA using polyacrylamide gel electrophoresis (SDS-PAGE) and DNA-rDN A hybridization. For the RE digestion patterns, DNAs were digested separately with the enzymes B m H I and BglII and the resultant fragments were separated by SDS-PAGE. An Escherichia coli rDNA probe derived from pKK3535 was used for the hybridization. Twenty-three S. suis capsular type 2 isolates recovered from diseased and clinically healthy pigs, from a human case, and from a cow were compared in this study. The majority of isolates associated with septicaemia belonged to one restriction endonuclease analysis (REA) profile group. Isolates associated with pneumonia belonged either to the REA profile group of isolates associated with septicaemia or to a second REA profile group. The REA profiles of isolates from clinically healthy animals were more heterogeneous. The REA profile of the type 2 reference strain, S735, which was originally isolated from a pig, was very different from those of the porcine and bovine isolates but similar to the profile of the human isolate. The profiles obtained after rDNA hybridization were more homogeneous. Although different patterns were detected in the 23 isolates, there was no correlation between the source of the isolate and the patterns observed with this technique.
Introduction
Streptococcus suis is an important pathogen in the swine industry. This micro-organism causes a variety of infections, including septicaemia, meningitis, arthritis and pneumonia (Higgins et al., 19906) . It has also been associated with different pathologies in ruminants (Higgins et al., 1990a; Hommez et al., 1986) and humans (Arends & Zanen, 1988 ; Trottier et al., 199 1). To date, 29 different capsular types of S . suis have been described (Perch et al., 1983; Gottschalk et al., 1989 . S . suis capsular type 2 is thought to be the most virulent serotype and, in most countries, it is the most prevalent capsular type isolated from diseased animals (Hommez et al., ~~~ * Author for correspondence.
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1986 ; Higgins et al., 1990 Higgins et al., b, 1992 . Nevertheless, capsular type 2 isolates have also been isolated from nasal cavities of clinically healthy pigs (Brisebois et al., 1990) .
In the diagnostic laboratory, S . suis can be presumptively identified by biochemical tests (Kilpper-Balz & Schleifer, 1987; Higgins & Gottschalk, 1990) . Confirmation is obtained by capsular typing (Gottschalk et al., 1989) . No correlation has been found between biochemical profiles and capsular types, nor can biochemical tests differentiate between strains of the same capsular type. Although some differences in plasmid profiles of isolates of capsular type 2 have been detected, the majority of porcine isolates studied by Cantin et al. ( 1992) had similar plasmid profiles.
Restriction endonuclease analysis (REA) has been found to be very useful in epidemiological studies of other clinically important bacteria, including Streptococcus species (Skojold et (Mogollon et al., 1991) .
The rRNA operons (including 5S, 16S, 23s and some tRNA genes) are present in several copies in the bacterial chromosome (Normura & Post, 1980) . Morewer, the use of an rRNA probe for comparative purposes has been demonstrated with various microxganisms (Chiodini, 1990; Picard et al., 1991) . With this Lechnique, an electrophoretic pattern which contains numerous restriction fragments is more easily readable. DNA-DNA hybridization with an rRNA gene probe 3as also been used to study the distribution of strains in lifferent bacterial species (Grimont & Grimont, 1986; 3wen, 1989; Stull et al., 1988) .
The purpose of this study was to investigate Canadian isolates of S. suis capsular type 2 associated with lifferent types of infections and from different animal species, in order to determine if different strains were mociated with a particular type of infection. Strains were studied by REA with separation of fragments by SDS-PAGE, which permits better resolution of fragnents than agarose gels electrophoresis, and by hybridizition using an Escherichia coli rDNA probe. Both malyses were done using two enzymes, BamHI and BglII.
Methods
Bacterial strains. The reference strain of S. suis capsular type 2, S735 (NCTC 10234), and 22 capsular type 2 field isolates were used in this study (see Table 1 ). All porcine isolates originated from different geographical areas of Canada and the Netherlands and they were selected over a two-year period. The bovine isolate was recovered in pure culture from an aborted cattle foetus submitted to the Faculty of Veterinary Medicine of the University of Montreal. Strain Ar770297, from a case of human meningitis, was generously supplied by J. P. Arends, Groningen, the Netherlands; the capsular type 2 reference strain was kindly supplied by J. Henrichsen of the Statens Seruminstitute, Copenhagen, Denmark. Isolates 2 to 7 were recovered from porcine pneumonia cases and were isolated from lungs in pure culture. Isolates 8 to 15, associated with septicaemia cases, were isolated from pigs in more than one organ and isolates 16 to 21 originated from nasal swabbings of clinically healthy piglets. All isolates were cultured on bovine blood agar plates (Trypticase soy agar, BBL) at 37 "C for 18 h. The stock cultures were stored at -70 "C in medium containing 5 % (w/v) Dextran T40 (Pharmacia LKB Biotechnology) and 7% (w/v) sucrose.
Biochemical testing and serotyping. Biochemical tests (growth in 6.5 % NaCl, arginine dihydrolase, production of acetoin, production of acid from lactose, salicin, glycerol, inulin, trehalose, sorbitol, sucrose and mannitol) were performed on the 23 isolates (Higgins et al., 19906; Hommez et al., 1986) . All isolates had the characteristic biochemical profile for S. suis (Kilpper-Balz & Schleifer, 1987) except strain 4/3 HI (no. 17), an isolate from a clinically healthy pig. This organism was mannitol positive. All isolates were then confirmed as capsular type 2 using both the coagglutination and the capsular reaction tests (Higgins & Gottschalk, 1990) .
Isolation of DNA and restriction endonuclease digests. Total cellular DNA was isolated using a modification of the method of Leblanc & Lee (1979) . Cells were grown at 37 "C in Todd-Hewitt broth (Difco) supplemented with L-threonine and glucose. Three millilitres of a 6 h culture was used to inoculate 100 ml fresh medium and the culture was incubated in a shaking incubator at 110 r.p.m. Cells were harvested by centrifugation at lOOOOg, washed once with 2 M-NaCl and twice with water. The cells were then resuspended in 8 ml buffer containing 20 mM-Tris/HCl pH 6.9, 20% (w/v) glucose and 1 mwMgC1,; 1 ml 0.5 M-EDTA pH 8.0 and 1 ml I M-Tris/HCl pH 8.0 were added to the cell mixture. Lysozyme (10 pg ml-l) was then added and the mixture was incubated for 30 min at 37 "C. SDS and proteinase K were added to final concentrations of 2% (w/v) and 10 pg ml-1 respectively and the mixture was incubated for 1 h at 50 "C. Following several phenol and chloroform extractions, the DNA was precipitated by the addition of 2.5 vols cold 95% (v/v) ethanol. The DNA was then dissolved in TE (10 mM-Tris/HCl, 0.1 M-EDTA, pH 8.0) and treated with RNAase A (10 pg ml-l). The concentrations of the DNAs were determined spectrophotometrically (Maniatis et al., 1982) . Restriction digests were prepared using 3 pg DNA in a total volume of 50 pl.
Southern blotting. Restriction fragments were separated by electrophoresis in 0.8% (w/v) agarose gel in Tris/acetate buffer (40 mM-Tris/ acetate pH 8.3, 2 mM-EDTA) at 30 V for 16 h. Approximately 2 pg of DNA per lane was applied. DRIgest I11 molecular mass markers (Pharmacia LKB Biotechnology) were included in each gel. The DNA fragments were visualized with ethidium bromide. After electrophoresis, DNAs were transferred to a nylon membrane (Zeta-Probe Membranes, Bio-Rad) for 18 to 24 h as described previously . E. coli with plasmid pKK3535 was kindly provided by J. Brosius, Harvard University, Boston, MA, USA (Brosius et al., 1981) . An rDNA probe comprising a 7.7 kb fragment containing the rrnB operon encoding tRNA,,,, 5S, 16s and 23s RNA and A rifd was obtained after cutting the plasmid pKK3535 with BamHI endonuclease. The probe fragment was isolated by gel purification (Maniatis et al., 1982) and end-labelled by random priming (Pharmacia LKB Biotechnology) with [ c~-~~P ]~C T P .
The blots were hybridized overnight and subjected to a stringent wash in 0.2 x SSC at 50 "C as described previously . The 7.7 kb probe fragment contained lambda rifd 18 sequences which hydridized to the 9.5 kb fragment from Lambda DRIgest I11 molecular mass markers. Isolates with a single band difference were considered to belong to a different group and assigned an arbitrary letter.
Restriction endonuclease treatment and electrophoresis. For restriction endonuclease analysis, fragments were resolved on a 7.5 % SDSpolyacrylamide gel and visualized by silver staining using a modification of the method of Sammons et al. (198 1) as described previously (Smart et al., 1988) . DNAs were digested separately for 1 h, using a fourfold excess of either BarnHI or BglII according to the manufacturer's instructions (Pharmacia LKB Biotechnology). The gels were photographed or stored in 25% ethanol/lO% acetic acid (v/v). Gels were then inspected visually and each different profile was assigned an arbitrary letter. Isolates with the commonest REA profiles were used as a reference to create different groups. Isolates which had REA profiles that varied by two fragments or less, in comparison to the reference isolate of each group, were considered similar (Kristiansen et al., 1986) . REA profiles were determined in at least three independent gels. No attempt was made to include bands larger than -4 kb in the analysis, as the separation of such bands was insufficient with the electrophoretic conditions used.
Results

Restriction endonuclease analysis
The S. suis field isolates along with reference strain S735 were analysed using the restriction enzymes BamHI and BglII. A good separation of approximately 15 fragments, ranging in size from 1.3 to 3.5 kb, was obtained when DNAs were digested with BamHI, whereas digestion with BglII gave rise to about 18 fragments, ranging in size from 1.3 to 1.7 kb (Figs 1 and 2) . Although major differences were detected, REA when using BamHI gave bands of approximately 1-5, 1-9, 2.5 and 3.0 kb that were common to all isolates (Fig. lb) . BglII fragments of about 1.5 and 1.7 kb were shared by most of the S. suis isolates (Fig. 1 a) . However, the REA profiles of the type 2 reference strain, S735, were quite different from those of the swine isolates but similar (Fig. 2) to the human isolate REA profiles. BglII profiles of isolates associated % This isolate was mannitol positive.
Mening., meningitis; pneum., pneumonia; septic., septicaemia.
with pneumonia were generally characterized by only a single band in 1.4 kb area (Fig. la, lanes 2-6) ; whereas two bands were present in this area of the REA profiles of most other isolates (Fig. 1 a, lanes 9-15) . The REA profile groupings of the isolates differed slightly depending on the enzyme used for the digestion (Table 1 ). All the septicaemia isolates were similar to one another. Even though they were from different geographical regions, most of these isolates belonged to BamHI group B and BgZII group B. The majority of the pneumonia isolates belonged to BamHI group A and BglII group A. Two pneumonia isolates (nos 6 and 7) had the same pattern as the majority of the septicaemia isolates (group B). The classification with BamHI of isolates associated with porcine septicaemia or pneumonia (Table 1 ) was similar to that with BglII, with the exception of isolates 14 and 15. The BgZII REA profiles of isolate 22, associated with bovine septicaemia, and isolate 20, from a clinically healthy pig, were different from those of the other isolates. The BamHI REA of isolate 22 was similar to that of isolates from clinically healthy pigs. The REA profiles of isolates from Alberta (nos 3, 4 and 8) and from Manitoba (no. 5) were all identical or very similar to those from Quebec (Table 1) .
REAs of two isolates from clinically healthy pigs (nos 17 and 20), and of a human case (no. 23), when cut with BamHI and BglII (Fig. 2 ) differed from REAs of isolates associated with pneumonia and septicaemia. With BamHI, the commonest REA pattern obtained for the clinically healthy pig isolates corresponded to that obtained from isolate 20; isolate 17, which was mannitol positive, showed a unique REA pattern. However, when cut with BglII, the REA profile of isolate 20 was unique and isolate 17 represented the commonest REA pattern for isolates from clinically healthy pigs. Two isolates from the Netherlands, human isolate 23 and the reference strain, no. 1, had identical BamHI profiles but their profiles were different when cut with BglII (Table 1) .
Ribosomal probe hybridization
DNA-rDNA hybridization analysis was performed on all isolates using an E. coli rDNA derived from plasmid pKK3535. BamHI digests when hybridized with this rrnB probe generated four bands or less, ranging approximately from 9.5 to 30 kb (Fig. 3b) . In BamHIdigested DNAs, a band of about 12 kb was present in all isolates except no. 17 (data not shown). Based on their pattern of BamHI bands, isolates could be assigned to one of five hybridization groups (Table 1 ). The majority of isolates fell into groups A and B, however. Similarly, when DNAs were digested with BglII, four major groups could be observed, although more bands were observed (Table 1) . Differences between these groups were very minor. The difference between groups of isolates using BglII was located approximately in the 10.0 kb area and it could be observed as a single or double band (Fig. 3a) . Hybridization after BamHI digestion did not allow differentiation of the isolates according to their origin; but using BglII, it was possible to group almost all isolates associated with pneumonia and to discriminate them from the others ( Table 1 ). The isolates from healthy animals were more heterogeneous than those from diseased animals ( Table 1 ). The human isolate 23 and the reference strain (S735) formed separate groups when cut with either enzyme; the mannitol-positive isolate 17 represented another separate group when cut with either enzyme.
Discussion
Restriction endonuclease analysis of genomic DNA is a well-established technique for studying the epidemiology of bacterial infections (Owen, 1989) . SDS-PAGE of DNA, combined with silver staining, has also been used to examine some bacteria (Smart et al., 1988) . Several studies have also demonstrated that hybridization can be useful to classify species and subspecies (Stull et al., 1988) and to characterize virulent strains (Picard et al., 1991) . This technique has already been used to compare strains from other streptococcal species (Cleary et al., 1988; Martin et al., 1990) . Chromosomal restriction endonuclease analysis on agarose gel has been used to study S. suis DNA (Mogollon et al., 1990) and it was used to detect epidemiological markers and to evaluate the relationships among strains (Mogollon et al., 1991) .
The comparison of the restriction patterns showed a genetic diversity within S. suis isolates belonging to capsular type 2. This diversity within a given capsular type had already been observed for S. suis capsular type 2 (Mogollon et al., 1990) , as well as with other organisms (Skojold et al., 1987) . Our results showed that chromosomal DNA cut with BamHI or BglII gave sufficient fragments on SDS-PAGE to allow genotype comparison and epidemiological differentiation of isolates. The use of SDS-PAGE analysis and silver staining allows good pattern resolution (Hendrix et al., 1991) . Because the technique is highly sensitive, isolates within a group and isolates from different groups are easily distinguishable (Figs 1 and 2) . Moreover, more differences could be detected among isolates because two enzymes were used instead of only one.
The role of S . suis as an emerging or synergistic pathogen in causing specific infections remains unclear.
The REA profiles permitted the allocation of isolates associated with different types of infection into groups. Isolates associated with septicaemia belonged to one REA profile group. Isolates associated with pneumonia belonged either to the REA profile group of isolates associated with septicaemia, or to a second REA profile group. Our results, along with those of Mogollon et al. (1990) , suggest either a clonal association or the possibility that some strains have the capacity to cause either meningitis or pneumonia or both. Although the sample size was small, these data are consistent with the notion that there are limited numbers of pathogenic clones associated with pneumonia and septicaemia in virulent S. suis isolates. It is interesting that strains associated with meningitis and pneumonia from different geographical regions of Canada and isolated at different times had similar REA profiles. In contrast, several different S. suis type 2 classes associated with meningitis and with pneumonia were found among the pig population of South Dakota (Mogollon et al., 1990) .
The hybridization of BamHI and BglII fragments with a probe of the rrnB operon reduced the number of visible fragments, thereby making comparisons easier. The hybridization of S. suis showed great homogeneity, with only slight variation in the patterns, and this variation was independent of the origin of the isolates. Because of the low number of bands obtained, analysis was easier; nevertheless, some differences could be missed. Hybridization using BamHI restriction did not allow differentiation of the isolates according to their origin; but using BglII, it was possible to separate almost all isolates associated with pneumonia from the others. Thus, the choice of enzyme for hybridization may be critical to the divergence of patterns. However, when comparing REA profiles obtained by SDS-PAGE and by hybridization it can be concluded that SDS-PAGE allows a finer differentiation between isolates, and the homogeneity found by hybridization suggests that the isolates are genetically similar. The techniques are complementary and each of them can reveal differences not seen by the other.
Isolates from clinically healthy pigs had more heterogeneous REA profiles that were different from those of isolates associated with diseased animals. The isolate from the human case of septicaemia was found to be similar to the reference strain by both REA fingerprinting and hybridization techniques. Both these strains were isolated from the Netherlands; this could explain their similarity. However, Mogollon et al. (1990) also compared human isolates originating from Hong Kong to the same capsular type 2 reference strain as used here, and they obtained very similar patterns even when using the endonuclease HaeIII. Strikingly, porcine isolates showed REA patterns on SDS-PAGE and after hybrid-ization different from those of the reference strain and of the human isolate.
Isolate 17 was the only one that tested mannitolpositive, and it had a unique REA pattern. It was classified into a different group from the other isolates. Such biochemically variant isolates have previously been described for capsular type 2 (Hommez et al., 1986) and for capsular types 17, 19 and 21 (Gottschalk et al., 1991b) , but no relationship has yet been demonstrated among these atypical strains and their genomic profiles. The observation that the bovine isolate, no. 22, had an REA profile similar to that of porcine isolates suggests that S. suis could be transmitted from one species to another. In this particular case, the cow had been transported in a truck that had been used earlier to carry pigs.
This study has shown that REA by SDS-PAGE and hybridization could be useful for the differentiation and identification of S . suis. REA of S. suis isolates by SDS-PAGE appears to be a good tool for epidemiological studies whereas DNA-rDNA hybridization seems to be more applicable to taxonomic studies of S . suis capsular type 2.
